INTRODUCTION {#sec1-1}
============

Chronic renal failure (CRF) occurs in a significant number of children with posterior urethral valves (PUVs) and accounts for 16.8% of the population of children with end stage renal disease (ESRD).\[[@ref1][@ref2]\] Renin angiotensin system (RAS) activation as a mediator of renal injury and interstitial fibrosis has been reported in other renal diseases.\[[@ref3]\] In a previous communication,\[[@ref4][@ref5]\] we reported that plasma renin activity (PRA) may be helpful in identifying patients with risk of renal damage. In this prospective study, we evaluated the role of RAS blockade by angiotensin converting enzyme-inhibitor (ACE-I) after valve ablation and correlated it with tests of renal function, micro albuminuria, and PRA.

MATERIAL AND METHODS {#sec1-2}
====================

Children who underwent valve ablation between the ages of 3 and 7.5 months and managed according to the "step ladder" protocol described previously,\[[@ref6]\] formed the study group. Serum creatinine and PRA were measured before, between 1 month and 3 months after valve ablation and then at 1 yearly intervals. All patients had undergone urodynamic studies and adequately treated for any abnormality. During follow-up after valve ablation, we measured urinary micro albumin, renal scars, split renal function (SRF), glomerular filtration rate (GFR), serum creatinine, blood pressure, and episodes of breakthrough urinary tract infection (UTI). GFR was calculated each time using venous blood samples obtained at 60, 90, 150, and 180 min after ^99m^technetium diethylene triamine penta-acetic acid (DTPA) injection. Renal scars were evaluated by dimercapto succinic acid (DMSA) scan. The records of these patients were reviewed regarding the time of valve ablation and adequacy of ablation on micturating cystourethrogram. The patients with GFR below 50 mL/min/1.73 m^2^, severely scarred kidneys and refluxing units were excluded from the study.

We stratified the patients by the presence/absence of vesico ureteral reflux (VUR) and renal scaring.

Group 1: Patients with no evidence of (e/o) VUR and scar formation (*n* = 13)

Group 2: Patients with e/o VUR but no e/o scar formation (*n* = 6)

Group 3: Patients with e/o renal scarring but no e/o VUR (*n* = 3)

Group 4: Patients with e/o both VUR and scar formation (*n* = 12)

State of RAS activation was recorded by measuring PRA by using a commercially available kit. Micro albuminuria was measured by an enzyme immunoassay (normal range 2-20 mg/L). The urinary micro albumin levels were documented before and after RAS blockade using ACE inhibitor (Enalapril) in a dose of 0.14 mg/kg/day. Serum potassium levels were periodically monitored and the data on SRF were taken from the poorly functioning unit.

The pre-valve ablation data were available only for serum creatinine and PRA. In the post-valve ablation phase, (early and late) besides these two tests, data were also available on VUR, DMSA scan, GFR, urinary micro albuminuria, and blood pressure. The first set of these data were available at a mean post-valve ablation period of 1.3 ± 0.6 months (range 1-4 months). Post-ablation period before initiating the therapy with ACE-I subsequent to this point was 40.5 ± 4.1 (range 32-47 months). This period was further divided into, early post-ablation period 9.1 ± 2.2 (range 6-12 months) and late post-ablation period (31.5 ± 4.7 (ranges 24-40 months). The post ACE-I therapy data were collected after mean duration 18.2 ± 4.0; range 12-28 months, this duration reflects the time while the children were receiving ACE-I therapy.

Statistical analysis was carried out using statistical package for the social sciences (SPSS) (SPSS 11.5 Inc. Chicago, Illinois, USA) and the data were presented as mean (SD). Renal function parameters such as GFR, PRA, serum creatinine, and urinary micro albuminuria between different groups of patients has been compared using paired sample *t*-test. The *P* values less than 0.05 were considered statistically significant.

RESULTS {#sec1-3}
=======

The total patients in the study group were 34 and their mean age at the time of valve ablation was 3.5 ± 1.9 (range 3-7.5 months). The duration of follow-up before initiating therapy with ACE-I was 40.5 ± 4.1 (range 32-47 months). Mean follow-up after initiating therapy with ACE-I was 18.2 ± 4.0 (range 12-28 months).

Early period after valve ablation (1.3 ± 0.6 months; range 1-4 months): Before and after valve ablation fall in PRA and serum creatinine was sustained \[[Table 1](#T1){ref-type="table"}\]. During this period a 66.9% fall in PRA and 23.1% fall in serum creatinine have been noted in group 1. Sixty seven % fall in PRA and 33.3% fall in serum creatinine have been noted in group 2. In group 3 it was 71.4% fall in PRA and 25.0% fall in serum creatinine and in group 4, the fall in PRA was 70.7% and in serum creatinine it was 40.0% from the pre-valve ablation value.

###### 

Plasma renin activity and serum creatinine levels before and after valve ablation

![](JIAPS-18-74-g001)

Late period after valve-ablation but before starting ACE-I therapy (31.5 ± 4.7 months; range 24-40 months) \[[Table 2](#T2){ref-type="table"}\]: During this phase gradual deterioration in GFR, marginal rise in PRA and serum creatinine was noted in all the groups. GFR fell in18.5%, PRA raised in 4.0% and 30.0% rise in serum creatinine has been noted in group 1. In group 2, it was 24.2% fall in GFR and 13.3% rise in PRA followed by the rise in serum creatinine by 75.0%. In group 3, fall in GFR was 13.0%, rise in PRA was 10.0% and rise in serum creatinine was 33.3%. In group 4, the fall in GFR was 70.7% followed by the rise in PRA by 23.5% and rise in serum creatinine by 8.3% has been noted.

###### 

Status of glomerular filtration rate, plasma renin activity and serum creatinine levels early and later phase after valve-ablation
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Period after initiating therapy with ACE-I (mean duration 18.2 ± 4.0; range 12-28 months): During this phase, we additionally assessed urinary micro albuminuria before and after initiating therapy with ACE-I. A marginal rise of 5.9% in GFR, rise in PRA by 19.2%, fall in serum creatinine by 23.1% and significant fall in urinary micro albuminuria by 55.0% has been noted in group 1. In group 2 the corresponding figures were 5.8% rise in GFR, 21.6% rise in PRA, 28.6% fall in serum creatinine, and 55.6% fall in urinary micro albuminuria. In group 3 a rise in GFR was 4.2%, rise in PRA by 48.4%, fall in serum creatinine by 5.5% and fall in urinary micro albuminuria by 64.6% were noted. In group 4 the observations were 5.7% rise in GFR, 17.7% rise in PRA, 23.8% fall in serum creatinine and 55.3% fall in urinary micro albuminuria. Observations on blood pressure were inconclusive in all the groups. The marginal rise in PRA seen after ACE-I therapy is known to occur after ACE-I therapy and is due to the negative feedback from reduction in angiotensin II production.

DISCUSSION {#sec1-4}
==========

The progression to CRF even after successful ablation of PU valves is multi-factorial. Although, the mechanisms involved in the progression of renal failure are still unclear, alterations in RAS may have a crucial role by influencing glomerular hemodynamics.\[[@ref6]--[@ref8]\] PRA is a primary player in the RAS pathway and Angiotensin II is the final mediator of tubulo interstitial damage.\[[@ref9][@ref10]\] During the early stages of renal damage, tubular functional abnormalities are more pronounced than the decline in GFR.\[[@ref11][@ref12]\] After valve-ablation, the current practice is to follow-up these patients by conducting periodic routine tests of renal function, such as estimation of GFR, serum creatinine and performing DMSA scan and treating infection as and when it occurs. A substantial proportion of patients still progress to end-stage renal disease before renal function begins to stabilize.\[[@ref6][@ref13]\]

The presence of VUR and renal scars are associated with poor prognosis in patients with PUV. Although, there is a high-rate of spontaneous resolution of reflux following decompression of the lower urinary tract, yet, it may take several years.\[[@ref14]--[@ref16]\] Analysis of results of therapy with ACE-I revealed that \[[Table 3](#T3){ref-type="table"}\] response to ACE-inhibitors in reducing micro albuminuria was significant even in the absence of VUR (55.0%) viz-a-viz with VUR (55.6%). In both the groups ACE-inhibitors helped in not only reducing micro albuminuria but also led to improvement in GFR \[[Table 3](#T3){ref-type="table"}\] and serum creatinine. It may be inferred from these data, that, there is ongoing renal damage even in the absence of VUR and ACE-inhibitors have a role in retarding the pace of renal damage even in this group. Similarly, ACE-inhibitors help in stabilizing renal function while waiting for spontaneous resolution of VUR, when it exists.

###### 

Glomerular filtration rate, Plasma renin activity, serum creatinine and urinary micro albumin levels before and after initiating therapy with angiotensin converting enzyme-inhibitors
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The rise in PRA between early and late phase after valve-ablation reflects that RAS down regulation achieved immediately after valve-ablation and sustained for a period of time, thereafter is not sustained in the long-term. Gradual re-activation of RAS becomes apparent in the form of rising PRA and is accompanied by deterioration in renal function parameters. This should be distinguished from the rise in PRA observed after ACE-I therapy \[[Table 3](#T3){ref-type="table"}\], which is accompanied by improvement in renal function parameters. In the latter situation, the rise in PRA is similar to the observed effect of ACE-I in anti-hypertensive therapy, wherein, a reactive rise in PRA has been reported.\[[@ref17]\]

A large number of patients with PUVs have renal dysplasia, which is detected on DMSA scan as photopenic areas similar to the new renal scars. There is unanimous agreement\[[@ref18][@ref19]\] on the importance of hypertension and proteinuria as prognostic factors in long-term renal outcome. Paradoxically, monitoring for hypertension and proteinuria begins when there is a significant fall in creatinine clearance.\[[@ref20]\] Although, higher mean PRA has been reported in patients with long standing renal damage, yet, prior to our report,\[[@ref8]\] information on PRA was not available in patients without renal scars. In the present study, we found that high PRA was associated with a steady decline in renal function and elevated levels of micro albuminuria even in patients who did not have renal scars \[[Table 3](#T3){ref-type="table"}\].

It may be noted that in response to ACE-I there was a reduction in micro albuminuria even when scars were not present viz-a-viz when scars were present by 54.0% and 64.2%, respectively \[[Table 3](#T3){ref-type="table"}\]. ACE-I also helped in stabilizing and improving GFR and serum creatinine \[[Table 3](#T3){ref-type="table"}\].

A notable feature in this study was the high PRA and micro albuminuria even when scars were not seen on DMSA scan. It is possible, that, early periglomerular fibrosis represents 'nascent scars.' This may be the forerunner of scars visible later on as photopenic areas on DMSA scan, as the disease advances. The beneficial effects of ACE-I, esp. in chronic kidney diseases are well established\[[@ref21]--[@ref24]\] and it has been confirmed that ACE-I are more effective than other anti-hypertensive agents in slowing the progression to end-stage disease in non-diabetic patients.\[[@ref22]\] Although, none of our patients were hypertensive, yet, we still found a significant reduction in micro albuminuria.

In the present study, we have observed improvement in GFR even in patients without renal scarring, thus, underscoring the need for initiating ACE-I therapy early, thereby, retarding the pace of renal damage and preventing future scarring. A substantial number of these patients progress to renal failure because of the current lag time between initiating treatment for RAS blockade and remission. Our data suggest that any improvement in long-term survival of these patients will depend on preservation of renal function by detecting early RAS activation and retarding the consequences of hyperfiltration. Our study also highlights the urgent need for a randomized controlled trial for establishing PRA as an early prognostic marker as well as exploring the need for pre-emptive therapy with disease modifying agents.
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